Objectives The aim of this study was to assess the nutritional status and functional capacity of 144 community-dwelling elderly in three rural ethnic groups, namely, the Oy, the Brau and the Lao, of southern Laos. Methods The Mini nutritional assessment (MNA) questionnaire and Determine Your Nutritional Health checklist were used to assess nutritional status. The Barthel Activities of Daily Living questionnaire and Lawton and Brody's Instrumental Activities of Daily Living questionnaire were used to assess the functional capacity of the respondents. Results The MNA score results indicated that 92.5 % of Oy respondents, 85.4 % of Brau respondents and 60 % of Lao respondents were malnourished. Analysis of variance tests showed that the MNA scores of the Oy and Lao ethnic groups and of the Brau and Lao ethnic groups were significantly different ( both p \ 0.01), but that there was no significant difference between the MNA scores of the Oy and Brau ethnic groups (p [ 0.05). In terms of functional capacity, 47.2 % of Oy respondents, 43.9 % of Brau respondents and 20 % of Lao respondents had limitations in their activities of daily living, whereas 98.1 % of Oy respondents, 97.6 % of Brau respondents and 86 % of Lao respondents had limitations in their instrumental activities of daily living. Body mass index, reduced appetite, number of meals consumed daily and presence of common diseases predicted nutritional status in all three ethnic groups; the remaining factors differed by ethnicity. This result implies that ethnic differences and other factors, such as location of the village, services, resources within the village and respondents' lifestyles, can affect nutritional status. Conclusions Because predictors of nutritional status varied by ethnicity, there is a need for area-specific interventions aimed at improving the quality of life of the elderly in these areas.
Introduction
Good nutrition is beneficial for both optimal health and the ability to resist and recover from disease, while malnutrition leads to dependency [1] . Dependency interferes with health and the quality of life (QOL) not only of the elderly but also of relatives and healthcare providers [2] . The nutritional status of individuals results from a complex interaction between personal and environmental factors [3] . Especially among the elderly, personal factors, such as functional capacity, which represents an individual's capacity to perform daily activities in the physical, psychological, social and spiritual domains of life [4] , are vital for good health. Studies have uncovered a relationship between nutritional status and functional capacity in the elderly [3, 5, 6] , especially among the hospitalised elderly; however, in our study we focused on the communitydwelling elderly.
Laos, one of the world's least developed countries, is landlocked and mountainous, with significant parts of the country still inaccessible by roads [7] . More than twothirds of Laos' 6.9 million population live in rural areas and depend on agriculture for livelihood. Poverty, cultural responsibility, age and diseases have caused children and the elderly in rural parts of Laos to depend on family members for food and support. This inability to fend for oneself has placed these individuals at high risk for malnutrition; as a result, they are vulnerable. A number of studies have been carried out on the nutritional status of children in Laos [8, 9] . However, insufficient data are available on the nutrition and health status of the elderly. The health status of the elderly has also not been well documented in many of the health guidelines in Laos, including the recently published National Health Statistic Report of 2012. This is unsettling, given that elderly are becoming an increasingly important proportion of the population in many developing countries.
The percentage of elderly people aged C65 years in Laos is expected to increase from 5 % in 2000 to 14 % in 2050 [10] . With life expectancy continuing to increase, the size of this age group will keep growing. It is therefore important to assess the nutritional status of older people due to the role nutrition plays in ensuring a better QOL and its association with functional ability [11, 12] . Assessment of nutritional status also increases the odds of the early detection and treatment of malnutrition.
Children and the elderly are not the only at-risk groups; people who belong to ethnic minority groups are also vulnerable to malnutrition. In comparison with the ethnic majority groups, ethnic minority groups tend to live in poverty. Laos is a diverse nation with many ethnic groups and languages. According to the Country Technical Notes on Indigenous Peoples' Issues report by the International Fund for Agricultural Development [13] , Laos has the most ethnically diverse population on mainland Southeast Asia, with 49 ethnic groups. The Lao Loum (lowland Lao) group, comprising ethnic groups such as the Lao, Lue and Lu, constitutes the majority of the Lao population (approx. 68 %). Lao Loum live along the banks of the many rivers of Laos and generally occupy areas where agriculture is more productive and the infrastructure is more developed. Conversely, the Lao Theung group, which consists of minority tribes, such as the Brau, Lawain, Oy and Pakoh, accounts for approximately 22 % of the national population. They are located in the southern area of the country in the mountainous and remote areas. Ethnic minority groups still experience poverty, and many of them can be classified as extremely poor. Most of these ethnic minority groups can only produce rice sufficient for 7-9 months of annual consumption, making them vulnerable to malnutrition.
The aim of this study was, therefore, to assess the nutritional status and functional capacity of the community-dwelling elderly in two ethnic minority groups and a majority group in southern Laos. An additional aim was to identify the predictors of nutritional status in these groups. To date, there has been minimal research carried out on the health status of elderly in this area. The overall purpose of this study was therefore to clarify the current health and nutritional situation of the elderly, especially within minority populations in southern Laos.
Subjects and methods

Study area and sample size
A cross-sectional study was carried out on 144 elderly (age [65 years) male and females residents of three villages in Laos, i.e., Somsouk village in Sanamxai district, Phouhome village in Phouvong district and Vatluong village in Xaysetha district. All three villages are in Attapeu province, which is one of the poorest provinces in Laos.
Somsouk village is located in the rural and mountainous parts of Attapeu province, approximately 1 h from the town centre. This village has a population of approximately 1,092 people distributed in 174 households. Agriculture is the main source of income; however, some villagers have found part-time employment at a Vietnamese-owned rubber plantation locally known as ''Yampala''. The Oy, an ethnic minority group believed to have originated from the highlands in the 1960s and 1970s, are the main inhabitants of Somsouk village. The Oy subsist on lowland rice.
Phouhome village has a population of 825 people distributed in 171 households. It is located in the rural and mountainous parts of Attapeu province, approximately 1.5 h from Attapeu city centre. Phouhome is inhabited mainly by the Brau ethnic minority group (95 %), who are said to have originated from the highland areas in the 1960s and 1970s, and the Lao ethnic group (5 %). The main source of livelihood in this village is also agriculture. The people in this village depend on both lowland and upland rice for food, and only a few of them work at the Yampala rubber plantation.
The Vatluong village is inhabited mainly by the Lao ethnic group-specifically, the biggest ethnic group, the Lao Loum. It has a population of approximately 1,726 people in 253 households. Unlike Somsouk and Phouhome, Vatluong village is located in the urban part of Attapeu province, approximately 30 min from the town centre. Most people in this village are fully engaged in rice farming because there are two planting seasons (one using irrigation and the other using the annual rainy season). As a result, only a few people from this village work part-time.
Data collection
In 2012, data were collected from 144 elderly subjects: 53 from Somsouk village, 41 from Phouhome village and 50 from Vatluong village. The villages were selected with the help of staff from the Ministry of Health, Attapeu branch. All of the elderly residing in these villages who could be measured and were able to respond to the questions asked at the time of study were included in our study. The same respondents were included in another study in 2013 to reassess their nutritional status. Unfortunately, between the first and second studies three of the respondents had died, one was very ill and 14 had relocated to different villages, reducing the sample size to 126.
Nutritional status data were collected by the Mini nutritional assessment (MNA) questionnaire and the Disease, Eating poorly, Tooth loss, Economic hardship, Reduced social contact, Multiple medicines, Involuntary weight loss, Needs assistance in self-care, Elderly years above age 80 (DETERMINE) Your Nutritional Health checklist. The MNA questionnaire, which is designed for geriatric patients, has a high sensitivity (96 %) and specificity (98 %) [14] . It is composed of anthropometric measurements (weight, height and weight loss), a global assessment (questions related to lifestyle, medication and mobility), a dietary questionnaire (number of meals, protein, fruits and vegetable intake and autonomy of feeding) and a subjective assessment (self-perception of health and nutrition). The maximum score of the MNA is 30; it can distinguish between elderly people with adequate nutritional statuses (MNA [24 points), those at risk of malnutrition (MNA 17-23.5 points) and malnutrition (MNA \17 points) [15] . Studies carried out using this questionnaire in other developing countries have found it to be useful and accurate [16] [17] [18] .
The 'Determine Your Nutritional Health' checklist was developed as part of the U.S. Nutrition Screening Initiative (NSI), a collaborative effort between the American Dietetic Association, the American Academy of Family Physicians and the National Council on the Ageing [19] . It consists of ten items that add up to 21 points. The items include questions on disease, eating poorly, tooth loss or mouth pain, economic hardships and multiple medicines, etc. In total, 0-2 points indicate a good nutritional status, 3-5 points indicate moderate nutritional risk and [6 points indicate a high nutritional risk.
Functional capacity was assessed by the activities of daily living (ADL) and instrumental activities of daily living (IADL) [20, 21] . ADL were assessed using the Barthel Index ADL questionnaire, which consists of ten items, i.e., bowel movement, bladder continence, grooming, toilet use, feeding, transferring in and out of bed, mobility, dressing, walking up the stairs and bathing. IADL, on the other hand, were assessed using the Lawton and Brody IADL questionnaire, which consists of eight items, namely, the ability to use the phone, shopping, food preparation, housekeeping, laundry, mode of transportation, responsibility for one's own medication and ability to handle finances. Housekeeping and laundry were combined into one question, and responsibility for one's own medication was omitted because the researchers assumed that only a limited number of the respondents were taking Western medicine. The IADL questionnaire used thus consisted of six items. The data were divided into two categories: with limitations and without limitations, respectively. The former category was defined as those individuals having difficulties in carrying out one or more of the tasks, and the latter reflected no problems whatsoever in carrying out all of the tasks.
Data on the socioeconomic situation and geriatric depression scale (GDS) were collected through a structured questionnaire that was prepared by the researchers and a geriatric depression scale questionnaire, respectively. Focus group discussions were also held to find out general information about the ethnic groups and study areas.
All questionnaires were translated into the Lao language before data collection, and all interviews were carried out in the Lao language to ensure that the survey ran smoothly. This study was approved by the National Ethical Committee for Health Research, Ministry of Health in Laos. All study participants were informed of the purpose of the study, and a verbal consent was received.
Statistical analysis
Data analysis was carried out with the SPSS software package ver. 20 (SPSS Inc., Chicago, IL). One-way analysis of variance (ANOVA) was used to determine whether there was statistical significance between various attributes within the three ethnic groups, Spearman's correlation was used to identify variables that were significantly correlated with nutritional status in each ethnic group and logistic regression analyses were carried out to assess predictors of nutritional status in each ethnic group. A significance probability value of p \ 0.05 was used.
Results
General characteristics of the respondents
The general characteristics of the respondents based on their ethnicity are shown in To confirm these results for the prevalence of malnutrition, the DETERMINE Your Nutritional Health checklist was used for 126 of the 144 respondents. Figure 2 shows the DETERMINE scores based on ethnicity. These results reveal that 81.6 % of the Oy respondents, 91.9 % of the Brau respondents and 50 % of the Lao respondents were at a high risk for malnutrition. The mean DETERMINE Functional capacity Figure 3 shows the functional capacity of the respondents. Only ''with limitation'' data are shown. From these findings, 47.2 % of the respondents from the Oy, 43.9 % from the Brau and 20 % from the Lao had limitations in their ADL, whereas 98.1 % of Oy respondents, 97.6 % of Brau respondents and 86 % of Lao respondents had limitations in their IADL. The mean ADL scores were 16.9 ± 2.1, 18.6 ± 0.5 and 17.8 ± 1.6 for the Oy, Brau and Lao, respectively, while the mean IADL scores were 7.0 ± 1.8, 7.2 ± 2.1 and 6.9 ± 2.2, respectively. An ANOVA test revealed a significant difference between the ADL scores of the Oy and the Brau (p \ 0.05) and between the Oy and the Lao (p \ 0.01); the ADL scores of the Lao and Brau were not significantly different (p [ 0.05) nor were any of the IADL scores significantly different among the three ethnic groups.
Details of ADL and IADL variables are shown in Tables 2 and 3 , respectively. As shown, most of the respondents had no limitations in carrying out ADL activities. In contrast, many of the respondents had limitations in carrying out IADL activities especially shopping, phone usage and handling personal finances. Table 4 shows Spearman's correlations between nutritional status and selected independent variables. Only the results of variables that correlated with nutritional status in each ethnic group are shown.
Correlations
These findings show that gender and educational level significantly correlated with nutritional status only among 
Predictors of nutritional status
Multiple logistic regression was used to determine the best predictors for nutritional status, and the results are shown in Table 5 . Only the results of variables that predicted the nutritional status in each ethnic group are shown. As shown, BMI, reduced appetite, low number of meals consumed daily and the presence of common diseases were the best predictors of nutritional status in all three ethnic groups. Neuropsychological stress only predicted nutritional status in the Oy and Brau respondents, functional capacity (IADL) only predicted nutritional status in the Brau and Lao respondents and food taboos predicted nutritional status only in the Brau respondents.
Discussion
In this study, we assessed the nutritional status, functional capacity and predictors of nutritional status of the community-dwelling elderly in two ethnic minority populations (Oy and Brau) and one main ethnic group (Lao) in southern Laos. A higher number of women than men participated in our study. Life expectancy at birth in Laos is 53.1 years for men and 57.2 years for women, which indicates that women have a higher odds of living longer than men [22] .
Our study identified a prevalence of malnutrition for all respondents, irrespective of ethnicity, that is higher than that which has been reported among community-dwelling elderly (0-8 %) in other studies [23] . However, our results are similar to those reported for the prevalence of malnutrition in the hospitalised and institutionalised elderly (0-74 %) [23] . It is well-known that in most developing countries there are only a few services that are oriented towards the health and well-being of elderly persons and that even when available, these services are even less available to residents in rural areas. Our study was carried out in one of the most remote areas in southern Laos, where such services as care centers and nursing homes are nonexistent. Our results stress the need for these services to be aimed at helping the elderly within rural communities in developing countries, as these can be used to screen and treat malnutrition as early as possible.
Despite the fact that all respondents were living in Attapeu province, the Oy and Brau (ethnic minority) respondents had a significantly higher prevalence of malnutrition than the Lao respondents (ethnic majority). As mentioned earlier, in comparison to ethnic majority groups, ethnic minority groups in developing countries tend to live in poverty [13] . The Oy and Brau ethnic groups also speak a different language from the Lao, which presents a major obstacle when accessing medical care and markets. The villages in which these ethnic groups reside are located in the rural parts of Attapeu province, far from the town center, markets and hospitals. The Lao, on the other hand, have a better access to markets and health services and are generally more affluent than the Oy and Brau. Lao respondents also had two rice planting seasons, as opposed to the Oy and the Brau, who depend on one rice planting season. Consequently, the Lao respondents had a better odds of year-long rice sufficiency in comparison to the Oy and Brau respondents. Such circumstances could provide an explanation for the significantly better nutritional status of the Lao than of the Oy and Brau ethnic groups.
Inadequate food intake is the main cause of malnutrition [24] . Reduced appetite, fewer meals consumed daily and the presence of illness all result in a reduction in food intake. In our study, the best predictors of nutritional status in all three ethnic groups were BMI, reduced appetite, number of meals consumed daily and the presence of common diseases. Reduced appetite is known to affect the nutritional status of the elderly, as observed in a number of studies showing that reduced appetite predicts malnutrition and that a severe loss of appetite is associated with malnutrition [25, 26] .
Although all respondents resided in the same province they belonged to different ethnic groups. This led us to hypothesise that a number of the predictors of nutritional status would be different. Our hypothesis was justified because, besides the aforementioned factors, a number of factors that affected the nutritional status varied by ethnicity, even within the ethnic minorities. This implies that indirect factors closely linked with belonging to a different ethnic group, such as access to resources, lifestyle and language barriers, can affect nutritional status. This result also suggests that area-specific-and not generalisedinterventions need to be implemented to significantly meet the needs of the elderly in multi-ethnic settings.
Research carried out in Attapeu province showed that traditional food behaviours and food taboos are the root causes of malnutrition in many minority populations in this province [27] . In our study, however, food taboos were shown to predict nutritional status only in the Brau ethnic minority. Information gathered from focus group discussions revealed that the some Oy respondents restricted themselves from eating fermented foods and meat from wild animals, while some Brau respondents did not consider eating fish and meat from wild animals. The main foods consumed in Laos are rice, fish and vegetables [28] ; meat is not frequently consumed. Fish would clearly be the main source of protein in these two ethnic minority groups because it is readily available in rivers, ponds and rice fields. Ethnic restrictions on fish consumption would therefore have an effect on nutritional status and thereby indicates why food taboos predicted nutritional status only in the Brau respondents.
Maintenance of functional capacity is an important indicator of health among the elderly; the loss of these capacities leads to a rise in morbidity and mortality [29] . Unlike other studies, in which the nutritional status was predicted by functional capacity [3, 5, 6] , our study only showed functional capacity (IADL) to be a predictor of nutritional status in the Lao and Brau ethnic groups. ADL did not predict nutritional status in any of the three ethnic groups, most likely because most of the respondents were able to carry out important tasks, such as feeding, grooming and getting into and out of bed ( Table 2 ). The negative effect on nutrition is compounded when elderly persons are unable to carry out the aforementioned tasks and lack access to help from relatives or care services. However, because most of the respondents were able to do these tasks on their own, it could be argued that this explains why ADL did not predict nutritional status in any of the ethnic groups studied here.
Instrumental activities of daily living, on the other hand, consist of such activities as shopping, ability to handle finances and meal preparation. Studies have shown that limitations in such activities as meal preparation can affect nutritional status [3] . As shown in Table 3 , even though most of the respondents in all three ethnic groups were able to shop without assistance, more Brau and Lao respondents than Oy respondents required assistance with food preparation. An inability to cook for oneself affects food choices and increases one's vulnerability, as one can only eat what is provided. This is possibly why IADL predicted the nutritional status in Brau and Lao respondents, but not in Oy respondents.
One of the limitations of our study is that we were unable to collect data on food consumption and household incomes. This could have given a clearer picture of the predictors of nutritional status of the respondents. Future research in southern Laos should include these aspects to further clarify the predictors of malnutrition in these communities.
Conclusion
Our findings show a high prevalence of malnutrition in these three rural ethnic communities and a high level of dependence within the instrumental activities of daily living. These results stress the urgent need for area-specific interventions aimed at improving the nutritional status, functional capacity and resultant quality of life of the elderly living in areas with diverse populations; such as in countries as Laos with many diverse ethnic groups. Such services, as well as sensitization, are necessary for the promotion of healthy ageing. The health status of the elderly should also be documented and incorporated into the Laotian government's healthcare system, as the elderly are becoming an increasingly important and vulnerable portion of society in Laos.
